Traditionally, sibling recognition in prairie voles has been inferred by incest avoidance or lack of reproduction among littermates. Previous studies have shown that isolation of sibling prairie voles for 8-15 days causes the breakdown of incest avoidance. However, in a re-evaluation of these studies, using social interactions within sexes (amicable versus agonistic behaviours), rather than incest avoidance, we found that incest avoidance might not be the best criterion for inferring sibling recognition in this species. When sibling prairie voles were isolated for less than 20 days, same-sex siblings still showed evidence of recognition in social encounter tests. Only after 20 days of isolation did sibling prairie voles show low levels of amicable behaviours and very high levels of agonistic behaviours; therefore, treating their siblings in the same way that they treated nonsiblings. Sibling recognition should be seen as a continuum, which can be inferred and detected experimentally at different time intervals by different approaches (incest avoidance or social interactions). Our results help to elucidate the effects of isolation on sibling recognition and help to determine the possible mechanisms responsible for the maintenance of social memory for recognition cues after periods of isolation.
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In his groundbreaking papers on social evolution through kin selection, Hamilton (1964) suggested that kin recognition might be an important mechanism mediating the evolution of altruistic behaviours. In most species, kin recognition may be inferred by differential behavioural treatment of conspecifics as a function of genetic relatedness, which may be correlated with familiarity (Holmes & Sherman 1983; Sherman & Holmes 1985) . Animals that recognize one another as kin (siblings) show high levels of amicable behaviours and low levels of agonistic behaviours (Holmes 1988). Kin recognition may also be inferred by incest avoidance or lack of reproduction among kin (Fletcher & Michener 1987; Dewsbury 1988; Hepper 1991) .
Numerous studies have demonstrated kin recognition in a variety of species, including invertebrates, fish, amphibians, birds and mammals (reviews in Holmes & Sherman 1983; Sherman & Holmes 1985; Halpin 1986; Fletcher & Michener 1987; Hepper 1991) . Sibling and parent-offspring recognition have also been reported in several species of voles, including the prairie vole (Ferkin 1989 (Ferkin , 1990 Ferkin & Rutka 1990; Ferkin et al. 1992; Phillips & Tang-Martínez 1998) . However, the ability of prairie voles to recognize kin for extended periods under natural or controlled conditions has not been examined in detail. Gavish et al. (1984) provided some relevant laboratory evidence. As part of a larger study on the mechanisms of kin recognition, they examined the effects of isolation for different lengths of time, and at different ages, on sibling recognition and incest avoidance. They inferred kin recognition from incest avoidance (only sexual behaviours were monitored) and found that isolation of 21-day-old siblings (the age at weaning) for 8 days caused the breakdown of incest avoidance. Gavish et al. (1984) also found that a 15-day isolation period was required for breeding to occur between siblings that had remained together for as long as 50 days after their birth. Based on this evidence, they concluded that when sibling prairie voles were isolated from one another, and for varying periods of time, there was a breakdown of incest avoidance (therefore, of kin recognition) and siblings mated with one another. Gavish et al.'s (1984) conclusions imply that kin recognition is a transitory phenomenon of 8-15 days duration (kin recognition dissipates with time; see Ferkin 1990; Lambin & Mathers 1997) , and that once voles disperse and are separated from one another they quickly 'forget' their relatives. If, according to Gavish et al. (1984) , voles 'forget' their kin after 8-15 days of isolation, then the ability to recognize kin (as demonstrated in the
